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Down Logs as Habitat for Forest-dwelling Ants-the Primary Prey of
Pileated Woodpeckers in Northeastern Oregon

Abstract
Logs on the l-lrest flo(rr in 2:10 !.rlnpLe plots in the tslre \{ou.rain! of nofherLslefn Ofegon {crc counted rLnd their ph\sical
!h.r r lc ter is t icsde\cr ibedinre|at jonlo lnLcol0Di lat ion 'The| |ot \ [ 'ere locatcdh12h0nle| .Lngesofpi l

l , i / .1rrr  (L.) ) .  r  Nl .Ln.Lgemenl  lndicator  Spccies in USDA Foren Scr! icc managenent guidel ines.  Onc or  nore \pecies of  ants
$ere l i rLrnd in 62t i  of  l . lE5 sccl ioncd logs.  Of 13 \ fecies of  anis lound. the nn\ t  commo. l rcrc l i r i i l r  d l r r r r j  (Foerstcr) .
Fnn)| i | .dtpon( ih[b i \ | - 'mcr} ' !ndC.1, l | . , l . l ! l ,
pr imrr !  pre}  ibr  p i lc | lcd $oodpeckef .  Relat ionships hcl$ccn ph) s icr  cha|acter is t ics and spccics ofdo$,n logs.  rhci r  colonies of
rnt\. and loraging pilctrled \\,(xrdFckefs xre djscusscd. Difierenti.rl occulTences anrong gcnem and species of ants suggest a
coJnpl .x t ic lurc o l  \pecies.  s izes.  rnd \ tages of  dcca) o l  logs chosen for  colonj /a l ion.  The re lat ion\hips of  logs rnd i rnts to
manx!eJnenIol .p i lcalcd\ \0odPecke|andto$estcr !pruccbud*ornr. ' /1() t i \ | | "1.u|uo( ' | ' i ( ! .n i
defol i rLr ins inr . 'c i .  arc a l \o c\Dlofed.

Introduction

Dou'n Iogs ale an inportant colonizing substrate
lbr forcst-clwell ing ants. Althouglr these ants are
a largel,v ignorcd component in mixed coniltr
slands ofthe Prcif lc Northrvest. the"- play impor-
tant r oles in ecoslslem t'unction. They ale actively
involr cd in decomposition of dead wrx)d. nutri-
ent c,vcling, plant polJination. seed dispersal. and
predation upon insects. ln addition. ants ale the
pre l  l ,  ' r  ,  ' t l re r  r r th ropods rnd  u  r  l J  l i t ' e  'pec ie '  in
the lbrest (Petal 197ii. Youngs 1983. Holldoblcr
and Wilson 1990, Way and Khoo 1992.). Maser
and Tmppe (198.1) and Hall and Thomas (198:t)
rccognizcd the importaoce ofaDts in Pacific Nonh-
u est fbrests. but little wor-k has been done to cltrrifv
ecological associations bctween ants and other
forcst-dwell ing vertebrates and invertebrates.
Notable exccptions ale studies describing rcla-
ti(nships betu'een ants and thc pileated woodpecker
(Drroutlttts pileutu.t (.L.)) (Beck{,ith and Bull
1985. Bull et al. 1992). and bctwcen ants irnd the
u e 5 l e r n  : p l r l ( a  h t t r l u o r t t r  t C l h  r i \ t t ' n t l  t l
occidentt is (Frceman)) (Canrpbell andTorgersen
19Ii2. Ciampbell et al. 1983. Youn-es and Campbell
198.1).

Bull et al. (1992) reported that (:dtnponotus
and Forrlc.7 ants are the principal fix tbrpileated
u'oodpeckers in northeastern OrcgoD, where thcy
corrprised about 97% of the woodpecker's diet
as represcntcd in 330 scat san]ples gathcred year-
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round. The pileated woodpecker is a large. trce-
cavity excavator that is ecologically t ied to old-
gro \  th  tn i rcJ* , 'n i le r . t . rnds .  I  h i '  r r . . r ' .  i i r t ion  i .
principally a result of the woodpecker's necd firr
Iarge dead trees fbr nesting. largc hollow trees
tirr roosting, and abundant standing and down dcad
rvood for foraging (Bull and Holthauscn 1993).

Because pilcated woodpecker populations can
he udrer .e l5  r l - f cc t (d  h )  mln l !e rnen l  Jcn \ i r ie \
that reduce the lumber of large trees (Bull and
Meslow 1977). this bird was selected by the USDA
Forest Service as a Management Indicator Spc-
cies (U.S. Laws, Strtutes, etc. 1976). Under this
dcsi-qnation. National Forests in the Pacific Nonh-
west Region must be managed to provide habitat
to maintain viable populations ofpileated wood-
pecker within its natural range.

Toward this goal. thc USDA Forest Service
has developcd various sets ofstandards and guide
lincs in each of several National Forests to pro-
vide adequaLe ncsting areas. Less altcntion. how
cvcr. has been given to rcquirements tbr fomging
habitat. Current guidelines provide lbr fblaging
areas of about 120 ha but do not address specil i
cally the anounts. specics. or size classes ofdown
logs whcre 3li'/r, of fbraging occurs (Bull and
Holthausen l993). No studies have addresscd the
afihropod comnrunitv residing in snags where
another 387c of foraging by the woodpeckcr oc-
curs. This is possibly eithcr because of the necd



to destructi\ ely samplc thc limitcd nunrber ofsnags.
orthe dsks involvedin falling the snag. or in clinrb-
ing and sanrpJing.

1n addition to bcing an impoftlint fin)d source
lirr pileated voodpecker-, ants are predators of lhe
$,esten spruce budwonr (Youngs anclCampbell
19E;1. Torgerser et al. l990). Populations of this
inlportant f i)rest insect sporadically erupt into
outbreaks in rnixcd-conifer stands throughout the
\l'est, rvhere the lanae may delolia|e fccs (Brookes
et al. 1987). Of the J3 species of ants that prev
on the budworm, l2 species colonize standing or
dorvn dead rvood (Smith 1979; R.D. Akrc. Wash-
ington State Udversity, Pullman. Wash.. pcrsonal
comnrunication). Unfbrtunately. I itt le is knorvn
about the frequcncy ol occurrence of tbrest ant
colonies, ol about the size. spccics, and physical
charactcristics of the logs in which they occur

Because tlo*n wood plays an importi,tnt role
as habitat fbr these ants. rvhose numbers inIlu-
ence those of both the pileated voodpecker and
western spruce budworm (Figurc 1), we under-
took this studl'. Our specific objectives werc to
( I ) describc thc number. size. species. and other
physical characteristics of logs used by firrest-
dwell ing anls in home ranges of pileated u'ood
peckers: and (2) identity and detelmine the rela-

tive ftequency ofthc species ofants that used those
logs.

Methods

Study S tes

W'e used l2 study areas. each dclineated by the
home range of a pair of pileated woodpcckers.
These homc ranges. which averaged -597 ha (rlngc
200-1464 ha). *ere in thc Blue Mountains of
no heastcm Oregon in Baker, Union. and Wallowa
Counties (Bull and Holthausen 1993). Forested
areas within thc home ranges $ere prcdominaDtly
uneven-aged mixed conifer stands of grand tit
(Ahies grandis (.DLltgl. ex D. Don) Lindl.)): Dou-
glas-fir (Pseldol.s u g a tn enai e si i : '  ar. g ktu t tt
(Beissn.) Fralco)); pondcrosa pine lPi Lts po
tlerosa Doug). ex Litws.): westen larch (ldrir
ot:cit lentt is Nuft.): and lodgcpole pine (Plras
u)ntort.t Driu9],. ex Loud.)

Aerial photo-qraphs with sketched boundafies
ofeach hon-re range werc used to define the studv
areas. Twenty sampling points per honre range
were systematically selected by using a grid over-
la id  on  the  aer ia l  photos .  Po in ts  fa l l ing  in
nonforesled. grassv openings u,ere lelocated 1o
the nearest grid-point in a folested arca. When a
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Figure L I)iagram drosi!rg funcliorrl rcluti(nlshipr beh|een 1og-d$elling anl\. logs. pilcllcd $oodpeckef. and $estefn sprucc
hud$ onrr r northcilsL.jrll C)re{on
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sample point shown on an aerial photo was lo
cated on the ground. that point bccame the SW
corner of a 2(l X 20-rn pld laid out iD cardinal
directions.

Samp ing

Log strmpling *as done between 2,1Mav and 25
June l99l . ln each plot. all logs ) l5 cn in dian
eter at the large end and ) 2 m long were mea-
surcd ancl described. A l5-cm large end diam-
eter oflogs was chosen basccl on field observations
by thc junior author, who fbrutd few signs of
pileated woodpecker foraging in 1o-qs below this
minimunr. The 2-rn minimum length was bascd
on ourjudgmcnt that shorter log! did not provide
suitable habitat for anls. and on constraints of
available time and labor. Recorded log mcasure-
ments included length within the plot. and large
and small-end diameters l0 cn from each end or
rvhere the log crossed the plot boundary. The large-
cnd diameter of butt logs \\"ith some of thc r(x)t
wad present wcrc nreasured.just distad ofthe butt
swell. Logs rvere classifiecl by large-end diarn
eter into tbur categodes thal approximate the
classes lbr dianrcter at breast height (DBH) of
standing trees used by the Forest SeNics (USDA
Forest Service 191i5). These classes are: l5 22
cm (6 .0-8 .9  in . )  tb r  po les ;  23  37  cm (9-14 .9  in . )
for small lo-ss. 313-50 cnr (15.0-19.9 in.) for me-
diun sized logsl and > 5I cm (> 20 in.) ibr large
logs. Mean log diameter was obtained by aver-

aging the large- and small end diarncters. Vcrlume
ol logs was calculated by using thc length of the
log and its rnean diameter to computc the vol-
urne of the log as a cylinder

Species ofeach log was recorded. About l07c
ofthe logs were devoid ofbark or hrd decayed to
the point that species could not be determined,
so they wele recorded as "unidentif iable." Dou-
gias-tir and grand fir wcrc especially dillicult to
separate reliabl)'. so they werc combined as "fils."

We chose separate classifications to descdbe
external qualit ies of the entire log and internal
qualit ies of thc wood. To describe overall qurli-
t ies of entire logs. we classil ied then according
to five log-dccomposition classes (Maser et a].
l9?9). Thesc describe a range of logs from ones
that retained somc trvigs ( 3 cn in diameter and
intact bark to those in advanced stages ofdecom
position that had partlv been incorporated into
the fofest f loor (Figure 2).

nr describe qualities ofinterntrl wood texture
and degree of decomposition, we classifled the
wood condition as sound, modcrately decayed,
or in advanced decay. The significant distinction
here is that "wo()d condition" refers to the physi-
calproperties of the wood at a sectioning cut. Spc-
cif ically. it is the extent to which the u,ood has
become soft, fiiable. sporgy. or pitted as a result
ol rttack by decay-causing organrlms and
channelizing by invertebratcs. Our wood condi

l-igure 2. 1-og dccomposition chsses (liom N{aser rt (1. 1919j.

296 Torgersen and Bull

Loq Log deco 'npos i l ron  c lass

2 3 5

I * igs<3 cm (1 .18  ln )

lo9  ls  sagq ing



t ion categories cquate with the classes of "inter-

nal succcssion" of Maseret al. (1979).

Ant  Co l lec t ions

To determine the prescncc of aDls withiD logs,
*e scctioned six logs per plot with a charnsaw.
To assule representation oflogs from throughout
the plot, we attemptcd to oblain at least one log
f'rom each of Lhc quadrants in the plot. Two logs
in each of thlee diarneter-size classes (15-25 cm.
26-:10 cm. and >40 cm) wele selected fbr sec-
tioDing. Logs were sequentirlly cut into 1-nl lengths
beginning 10 cm fi om the large end or tiom where
the log crossed the boundary of thc plol. At sec
tioning cuts vhere ants wcre encountered. we
recorded woocl conditiou and whether the log was
in contact with the ground.

At each sectioning cut. about 20 specimens
of thc largest ants (i.e.. maior workers) $ ere col-
Iected and placed ink) vials conlaining 70cl. ethyl
alcohol. Each vial was labeled with inlormation
on the home range. plot. and 1og in which the
ants were collected. Ants were latcr identified with
the keys of Hanscn and Akre ( 1985) and Wheeler
and Wheeler (1986). To confirrn idr:ntif ications,
rve comparcd specimens rvith species veritied by
D.R. Smith, USDA, ARS, Systcmatic Entomol
ogy Laboratory, U.S. National Museum of Natu-
ral History, Washington, DC. Vouchcr collcction
is stored at the Pacific N"ofthwcst Research Sta
tion, Forestry and Range Sciences Laboratory, La
Grande, Oregon 97850.

Statlstical Ana yses

Fcrr analysis. specics ol Ctnnponottrs and Fornica
rvere etrch tallied as a separate group. Species in
the genera Z.irirr, Tupinonw, Leptothord\ xnd
Aphaenogaster were grouped and rettrred to as
"Other". Thus, three groups are treated here -

Can4tottotus, Foralca, and Othcr. Except where
notcd, when an ant group nas firund morc than
once in  I  l r  ' ! .  i l  r  r .  j . ,un l .L l  on l \  on ie  i . c . .  a . l
single colony. Ants lbrm large colonies that are
aggressive tou,ard other ants-even othcr ants of
the same species. Thus. we assumed that ants of
the same spccies that occur:red in a single log
belonged to the same colony.

Statistical analyses were based on the percent-
age occunence of Cr tnponot u.\, Fomica, ot Other
rn t .  in  ' i rmp leL l  l , ' gs  , ' f  l  g i ren  r r r i rb le  e .g . .
log species, largc-end dianeter class. etc. in the

home range of each pair of pilcated woodpeck
en. Standard errors ofpercentage occurrences were
based on l2 home ranges. One-way anrlysis of
variance (ANOVA)(Snedecor and Cochran 1980)
was used to detelnine if the classes of selected
variables for sectioned logs u'ere used equally by
cach ant group. WhenANOVA showed that mean
percentage occurrcnccs were statisticall) ditfer
ent (P < 0.05). we used Tukey's multiplc com-
parisons (Miller l98l) to determine rvhich chsses
rvithin a variable rvere statistically ditlerent. The
variables compared were Jog species, large-encl
diameter, length. log-deconrposition class, wood
condition. and log contact *ith the ground. Chi-
square analysis was used to test whether the pres
ence or absence of one ant -qroup in a log influ-
enced the preselce or absence of another group-
Chi square analyses \\"ere also used to detgrnrine if
fte panen ofusage of a Eren vriable dilldrecl rmong
ant groups. Stepwise discriminant analvsis was usecl
to detenr.fne which were the signitlcant prcdictor
variablcs for each group (SAS 1988). Statistical
signilicurce throughout wrrs se1 at P { 0.05.

Results

Characterist cs of A Logs Samp ed

There were 2,779 logs (i = 289.5 logs per ha) on
the 9.6 ha within thc 240 sample plots in the l2
pileated woodpecker pairs'homc rangcs. Dou-
glas fir and grand lir (cornbined as "firs") donri-
Dated among the logs (32..1'l,:). but the rnost conr-
r.ron single identitrable species u,as ponderosa pinc
(25.77c). Lodgepole pine was nrore common than
la rch  (  17 .9% vs .  13 .9%) ,bu t i ta lsoshouedmore
variation in occurrcnce among the l2 home ranges
(standard errors of 5.4% vs. 1.6%) (Tablc 1).

Ncarly half (.16.2%) of the logs were io the
smallest of the four diameter classes ( l5-22 cm),
representing only I L97r ofthe volume ( I3.2 nr').
Conversely, 8.3% of the logs were in the largest
diameter class (51- 120 crn). but they represented
37.67c of the volunre (,11.6 m') (Tablc 2). Thc
mean large end diameter was greatest fbr larch
(32.3 10.8 cm) and snallest tbr lodgepole pine
(22.1 L 0.3 cm). The mean large-end diameter
for all species of logs was 28.9 t 0.3 cm. The
nean length for all logs, calculated by using both
entirc logs and the pofiions oflogs within the plots.
was 6.rt t 0.04 m: maximum lcngth was 14 m.
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Sp!'cir'\ (]f l0g

TAtsl-h l. Nunber rLnd pnrpoftional rcprcscnrahon of spe
cier  of  logs in l  2 h(rr rc r rngcs of  p i ler ted \ \ood
peckef rn northcaslcrn Oregon. NLL)'iul! 199 L

The Canrponotus \\ele least ot'ten associalecl
with another group. The least common combina
lion ofgr,\uf. $ i l \ t j tc oc.urren.'e ol C,tttrl,, ' tr, ' t, j '
and Fonrica in a single log (Table,1). Chi-square
(.Xr) analysis indicated thal the presence of both
Canryotkltus and Fonnlar in a log occuned sta
tisticall) lcss otter than expccted (X- = 8.12, I
J l :  P  -  O.00- l  l r  The , rccunenc. .  , \ t  Cdt l t l ' , ' t t t4u \
had no signilicant influence ot the likclihood that
the Other group would bc present in the same log
(X = 3.20. I df; P = 0.0736). On rhe conffar.y. rhc
occuncnce of Fonnictt in a log u'as positit 'ely
relrted to the occurrence ofOther ants 1Xr = 8.97.
I df; P = 0.00271 there.

Characterist cs of Logs Preferred by Ants

Spr:cies. Species oflogs wcrc used in statistically
dit'terent proportions onl)' by the a-dr?o,?otrr (P
= 0.00l6). Speciflcally, C'.irr?orotrJ occured in
larch logs in significantly gr.eater proponion than
in lodgcpole pine (Figurc 3A). Chi square analy-
si! to testwhcther Camponoms, Fonnicu, a[t<\(Jthcr
ants occupied species of Jogs in the sanre propor
tions revealed no statistically significant dif ler-
ences ltl occupancy of logs by the three groups.

Large ewl Dianteter Size class of logs used
fbr colonization appeafed to bc important only to
Camponotus (P !0.0001), \\,hich occurred more
commonly in the largcst diametef class (5 ] - i20
cln) than in the smallest class ( l5-22 cm) (Figure
. lB) .  Th is  pa f le rn  , ) l  r t cur rencc  o l  C . tmp, 'nout t
was slatistically different than occunencc of ei-
ther Formittt (fz = 16.32. 3 df; P = 0.0010) or
Other ants (): = 2.+.18, 3 df; P <0.0001). which
occured more uniforrnly among size classes of
logs.

0ccuncnce Lrge-endDianrctcr
n  % 1 S E '  i l S E i c m )

Pondcros.r  p ine 671

Fi^ 8.11

Lodgepole pine 6l  I

Lrrch 160

Olhcr !pp.  16

t in ide. l iJ iabl !  278

T(xxl 2119

15 .7  +  6 . :

31 . , 11 .1 .1

1 7 . 9 1 5  , l

13 .9  i  1 .6

0.5 10. '1

c ) . 6 1 2 . 1

30.1 1 .1. r0

29 .91 . r . 30

2 2 . M I 1

12 . l  11 .10

t4 . l  1  1 .93

l t . 0  11 . l 9

'  S l r rdard er fof  brsed on l2 p i le. r ted lvoodpeckcr hone

' Dougla\ lir rnd gfrmd fir q'efe conrbincd r\ 'Fi|\ becrnse
ofdi f f icul l ic \  in ident i f , \ ing decr!ed log\  o l  these species.
' F-.glcm.rnn spruce. f ir dd ",rlfrn.rrrti ParN ex Engelln..
and black cor lon\Lood. P. l t l t \  t t i (ho((r ' ] idTot t .  &Gtr \ .

Occurrence of Ants

In all. 1.385 logs rvere cut into 3.221 sections.
One or more art groups were fbund in 855 (61.8%)
ofthe logs. In these ant-inhabited logs, ants were
encountered at l.063 ofthc 1.98Ii sectioning cuts.

Thirtccn species of aDts wcrc collected l iom
\rclioned los\. Th. m,,\r c, rmtnon \prj ic\ cnC Un-
tcred werc ldri/rJ 1//iertus. Fonnica neon(ibarbi.s,
and Cantpottotus nutrloc, which were fbund in 58%
of the sampled logs and comprised 757r of 1 ,063
oa( l r r rcnae\ .  Orer 'u j l .  thc  n l , ' .1  ( , ' tnnron  \p (a ic ,
rvas lnsirrs rrlieirirs, which representcd :13% of
all occurrences of ants. Fornica neorufiburbis
( I 87) was only slightlv nore common than C.
noda: ( 147 )(Table 3).

T A B L E I .  N u  r b c r | D d v o l u m e o f l o g s i n t 2 h o m e r l L n g e s o l p i l c a t c d w o o d p e c k e r i n n o ( h c r s t e r n O f e g o n . M a l J u l r - 1 9 9 1

Largc cnd di.rln.
'Iinal 

no. oi
l0gs

Ios (mr)
i l SIl

hr (nr ')
i  l s E

Logs per hrL
i  1 S E '

23 37

3E  50

5 t  I 2 0

l l r . 7 1  r 7  E

95.91 6..1

35 .91  t . 5

1,1.0 t 3.2

289 .5  1 :2 .6

0.0985 10.0035

0.30:L110.006.1

0.7275 10.0r68

l . 7 i  17  10 .09  r2

0 . l i i l 6  r 0 .0 l l 2

11 .2  10 .5

29 .2 !  0.6

16 .  I  r  1 .0

.11 .6  I  1 .2

1 1 0 . 8 1 3 . 2

128,1

920

31,1

2 l l

)119

'S t l lnd . l rd  e ro f  b r led  o .  l2  hone f rLnges .
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TABLE L Ffeqne.c)  of  ant  lpccie\  or  group\  occur ing in
lcct ioucd loss in l l  home frnqes ol  p i le i tL 'd
$oodpcckcr in nofther\Ierr Ofelon. \{a) Jul}
t 9 9 l

TABLE -1. Frequencics of occu|rence of.rnt groups alonc
orin combirLrrion \\,ith odrefgroup\ in \ccriNed
log\ ir 12 home ranges of tilcrlcd woodpecker
in .or lhc.rstern Oregon. Nlay Jul \  i991.

S p e ( i e \ , ' f  L t s
Nunber of

t i  log\  1 SE'

Othef

Q,,rp.,rr.r/r spccie\

C. ,?.).10. (wheele,

C. Li.n?,r.' NIa) |

C. /.k'r(./n,r (n Snith)

Tot.rl'

t. neoruiibarbi\ Emer)

l: d..ir,/d Frilrcocur

L hut nn r rho ilt I i s ts r:cr t'

a d.nri r drr'lr \jiefeck

I vrrflrdd Emer]

I lTJroid.r Emery

Unkno$n

Total'

Ldur ' . r / i r rxr !  ( focrster)

/l?nk nd v,! ri/., (S.r,,- )

t,( lttnttu r(t mt6L o ru |1
( \ I l rnder l

Aphaubitskr oride kli\
(Erncr))

' Ibta l '

Ct"npo'knu! Yes

\o

\o

t l

260

9l

111

l 5 l

951

1 8 8

610

6 0  l l l

507 705

'  Each spccics or  group counted onl)  once per 1og.

"  Ua\cd on 1.385loss in 1 l  home frnge(.

'  Tot i r l  c i r le lor ies rLre not  \ imt le \ums of  thc l r l l ids lor  indi ,
! idur l  spccies bec use occrrrence\  of  a gcnus or  l foup re
countd onl)  once in r  log.

1-engl&. The length oflogs intluenced the pres
elrce ol ForniL-a and Other alts. both of which
.ho \ed  s r : l r i : l i c l l l )  . rgn i l ' i . ' rn r  J i l le rence.  in  oc-
currence irorong the four logJcngth clrsses (P =
0.0155 and 0.0137. respectively). Both thcsc groups
flLvored logs ) 7 m long over logs that $'ere I 3
m. Camponotu.s used all the log length chsses
about equally (P = 0.390:1)(Figure 3C). Conpared
to each olher, none ol the groups used thc log-
length classes in slatistically dit lerent ways (al1
tr < 1.92.3 df: all P > 0. 1777).

Rcsulr !  ofChi  quafe lests.  ldf  (o] tpot tonts\s.  Ft)mi tu.
l: = 8 i2 P= 0.0010. Qunprtnru:, !\. Olhcr. -l: = 3.10.
P = 0.0716: Frrrrl.d vs. Other. .\: = it.97. P = 0 00:7

Log deutnposition C/csr. Onlylozli.rr uscd
the various deconposition classes in significantly
different proportions (P<0.0001). In particular.
Fornlca occuned sienificantlv less conrnronly in
log-decomposition class 5, the most decomposcd
logs. than in classes I ,1(Figure 3D). Overall. the
proportions in which Fn'rir a used logs among
the decomposil ion classes dil lered tiom both
Catnponotus (Xr = I 1.55. ,1 df: P = 0.02l0) and
Orher ants (X- = 9.8. '+ df: P = 0.0.139).

Grountl Contact.L<tg contact with the ground
at the site of occureDce ol ants was not a sigtif l
cant factor for cilher Cu tltotrotus ot For]nical
(Figure 3E), nor did thesc two group5 difler fiom
onc another (X: = 0.6800. I dl: P = 0.,1096). How
e\eL Fomicd shorl'ed a tendency. though non-
. i in  i l i c l rn t  'P  -  0 .0 -00  r .  t , ,  i  \ ' .  u  I  in  lo r :  . (c l ion .
without ground conti,rct. The Other ants shou'ed
a clear preference for log sections u'ith glound
contact (P = 0.0166) (Figurc 3E.) opposite of
the prelerence displ ay cd by Forntit u. (X1 = 1 .41.
l df: P= 0.006.1).

llltocl Contlitiort. Solid wood supported colo
ntes of Cantportotu.t signilicantlv morc commonly
(P = 0.0038) than did wood with moderate or ad-
ran i rd  t l c i r l  lF igure  3F\ .  Ne i lher  / ,47 l / / , i r  n , r f
the Other ants showed dilfr:rential preference for
a particular u'ood condition. ilnd both groups dit'
lered significantly fror;'t Cuntponotus in this re-
gard ()C 2 35.18. 2 df: P<0.0001 ).

D scr iminant Ana ys s

Stepwise discriminant analysis considered the
tbllowing variables: large- and small end diarr-
e te rs .  1 , rg - le r rg th .  11gq spce i ( .s .  len l th  r  spec i< . .
log-dccomposition class. and ground contact. The
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analysis indicatcd that thc dominant variablcs for
C anqtonotus. ln the order entered. were large-end
diameter (+), larch (+), log-decomposition class
3 (+), log decomposition class 5 ( .). and lodge
pole pine (-). For Fol.rrl.d the dominant variables.
in their order, u'ere log length (+), ground col
tact (-). log-decomposition class 5 (-). large-end
diamcLcr (+). and log-dccomposition class 2 (+).

Discussion

Down u'ood is an imporlant structural compo-
nent for coloDies of 1og-drvelling ants. as well as
a fbraging substrate fbr pileated u'oodpeckers
looking for thosc ants. ln addition, somc of the
ants are important because they are predators of
lar\ al westem splxce budrvorm. apotentially dam
aging defolirting insect. The logs are the substrate
that links these functional systems.

Logs oflarch were the most signiticant colony
substrate for the Cazp.rrolu.r ants. which showed
an apparcnt aversion tbr lodgepole pine. Because
larch logs averaged among the largest diameter
logs. and lodgcpolc pinc logs wcrc thc smallest.
we were at first unsure whether species or diam
eter was the more significant variable. Discrimi-
nant analysis levealed that large end diameter of
logs was the dorrinanL driving variable relating
to occunence ol CdtnponotLts. These ants used
the largest diameter class of logs (51-120 cm) more
than logs in the smallest dianreter class (15-22
cm). The same analysis indicated that lodgepole
pine logs rvere avoided even if they were of large
dirmcter. The lir. rrcre u.ed 65 C,utp"u,'ru.' in
about the srme proportions (35.13%) in which they
occured among the sectioned logs (32.:l%)(Table
l  ) .

Signif'rcantly Bull and Holthausen (1993), who
sampled the sanre logs as used in this study. de-
tem.f ned that pileated woodpeckers concentrated
their tbraging on larch and Douglas-tir and rnostly
avoided lodgepole pine. The birds also foraged
more in logs with large-end diameters >37 cm-
that is. in our 1wo largesl diameter classes (38-50
and 5l 120 cm). Neither Formica nor the Other
species showed significant difl'erences in the pro-
p , \ r l iun .  in  uhrch  the l  , \ t . (u r red  . r rn t ,nB \pe( ic \
of Iogs or large-end diameter classes. Gjven that
Can4tortotus ls the prefened ant prey ofpileated
woodpecker (Bull et al. I 992), it is not surprising
that the woodpeckers concentrated their |orag-

ing on logs that were most l ikely to yield
Ca q)onotus ar7ts.

Discriminant analysis rcvcaled that
CamponotL!s tavored logs that. out\\"ardly. were
in the niddle log decomposition class (class 3).
a\ndbolh CantponotLts and Fomrlcc tended to avoid
the most deconposed logs (class 5). Contact of
the log with the ground was a significant ncga-
tive variable fbr Formla, u'hich is consistent with
their apparent avcrsion for the nrost decayed logs
(log-decomposition class 5). Wood condition (i.e..
the log's internal consistency) at thc site of the
sectioning cuts influenced the occurrence of
Camponotus. which clistinctly prct'cned rnore solid
wood (Figure 3F). Ctntponotus and Formica
tended to avoid the rnost outwardly deconposed
logs with advanced internal deterioration. u here
presumably they would be most vulnerable to
predation by a largc. powert'ul excrvator such as
the pileuted $oodpecker. O\<tJll. C ntl ' ,ttt 'ut. '
and F.rr,rl. d tcndcd to favor less decayed, large-
diameter logs of larch or fir where they arc nrost
secure ftom predation by pileated woodpecker.

Of the nine identiliable species of Cazrponorls
arLd Formica fbund in the sectioned logs (Table
3), six are documented predaton ofwestem spruce
budworm in the nontane \{cst-C. nodoc, C.
vicinu.s, C. laevigatus, F. neortrfibarbis, F. ttttteta,
arld F. lasioides (Youngs and Campbell 198,1).
Another species, f, sirDnlda, is a suspected preda-
tor.' The thrce species of ,Formftd that are not
documented predators of the budworm ,Fl
haemorrhoidalis, F. densiyentris, md F suhnuda-
reprcscntcd only 2.87r of the occurrences of ants
and occurred in onl.v l7c of all the logs.
Cqmponotus modoc, lhe most commor of the
Camponotus wc lotnd. may emerge as the target
prey species for the woodpecker in northeastern
Oregon. Bent (196,1) cites a record of pileated
woodpecker stomach contcnts containing C.
hercule.rnus modoc (=C. nocloc, Smith 1979)
obtained from two specimens ol Ceophloeus
pile us picinus Btngs (=D. pilcarls) in Yosemite
Park, Calif. Bull et al. (J992) were not able to
identify the Cri'rponotr.r species in scat samples
because identilying characters on the ants hadbeen
obliteratcd by passa-qe through the gut of the
*oodpeckers.

A single species. rarely two. of docunented
budworm foraging ants were found in 3l .8% of
the sectioned logs. Assuming that each log
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reprcscnted a single coJony of ants. there would
he rhoq l  Of  e r r l , ' n re .  n l  hudu, , r 'n r - lb r lg ing  rn r .
rmong the 289.5logsperha. The volume of l1O.li
I 3.2.1 nr pcr ha of downed woody n.raterial in
our plots (Trblc 2) tulls wilhin the range of vol-
unre estimalcs (115.9 t 3.-5 m. per ha) for the
nrixed conifcr vegetation lypes predicted by Max-
well and Ward (1980). The volumcs calculared
lbr our studv plots did not includc logs rvith lar-rc-
end diameters <15 cm, rvhercas the conparable
volunes from Maxrvell and Ward ( 1980) included
diameters down to 7.9 cm. Thus, even without
the volune that would have bcen contributed bv
diameters bctween 7.9 and l:t.9 cm, volumes in
our pilcrted woodpeckcr home ranges were higher
than the average of I 'olunes obscrted bv Max-
weli urd \hrd ( 19130). This suggests thar in mixed-
coniter stands the upper levcls of size classcs 2.
3. and .1 of Maxrvell and Warcl (J980) approxi-
mate the tonnage of down wood needed to pro-
vide adequate tirraging habitat in home ranges of
pileatccl woodpecker

The diffcrential choicc of dou,n logs by erch
group of ants suggests a complex piclure of the
use of various species of logs of dif ltrcnt sizes
and in dif l 'erirrg stages ol decomposition. The
possible rcmporal succession of particular groups
of ants in difterent agc classes of log dccay may
bc a necessary function in the dccomposition of
clown woody clebris. This study and that of Bull
and Holthausen (i993) togcthertbfln a morc com-
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